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1. 



mem OS BKTA-CAaOTENB COMPOSITION 



TrraTVO HE THE INVKNTION 

The invention relates to a c&rotenoid composition derived from a natural 
source, with q bi^h ds beta-carotene concentration and Its preparation 
5 from natural sources, and more preferably a hiffh/ 9\ cis beta-carotene 
composition and its preparation from natural source*. 

BACKGROUND OF Tgg INVENTION 

In this specification it is to be understood that the natural sources of 
carotene include fruits, vegetables and other plant tissue, and anjmal 
10 tissue* A particularly Important commercial source of carotene is certain 
types of algae. 

Beta-carotene occurs In a number of different chemical isomer forms - 
Some of these are geometrical Isomers which have a different orientation 
around one of the double bonds in the conjugated double bond structure 
15 o£ the molecule. 



This can occur In a number of positions along; the conjugated backbone 
to make a range of different geometrical isomers. In some cases there 
can even be mora than one double bond where change of orientation 
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The most common geometrical isomer Is the all trans isomer with a 
structure occurring as shown as follows where tha main carbon chain of 
the molecule occurs in a trans {across) or straight configuration. 




5 However, there are cis forms of beta-enrotene which occur naturally, 
and can ba produced by chemical synthesis, or formed by physical 
processes like heat on the ML trans isomer*, where the main carbon chain 
of the molecula takes a bend (cis) or sideways configuration. Naturally 
occurring cis forms of beta-carotene at* nr*t Jcnown to occur over a 
10 weight percentage of approximately 30% to less than 50% of the total 
carotenold content. 

Associated with the different geometric isomers are different properties 
and possible functions and for this reason there are potential benefits In 
relatively concentrated forms of the cis Isomers. 
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In natural products such as fruit, vegetables, algae and other plant and 
animal material the carotenoids are stabilised as part of the cell structure 
la small micron or sub-micron, sized particles lit the coll organelles ax 
wen by association with other molecule 8 which stabilize the Isomeric forms 
S produced by the bioohamicnl pathways of the organism. However, in the 
preparation of concentrated forma of these materials for commercial 
products desired from the natural sources, the natural stabilising 
capacity of the cellular structure may be removed or reduced in the 
extraction and concentration of the earotenoida. 

10 In addition, as the carotenold products are concentrated to increase their 
beta-carotene concentrations and to remove the other cell material which 
is not desired in the product, there is a natural tendency for certain 
Isomers to crystauixa out. 

Crystallisation la a. problem in certain Applications since the crystalline 
l5 form may not be available for efficient use in the application because of 
its relative insolubility. Crystallisation occurs particularly with all trans 
beta-cerclene and as a r««ult It Is not, for example, readily available for 

biological use. 

Cla Isomers, on the other band are much less likely to crystallise and as 
20 a consequence are much more soluble than the trans isomers. For this 
reason. It Is often more desirable to use beta-carotene containing 
compositions with higher concentrations of cis isomers for various 
epplications. For example, the 9 ds iscmer is much more readily soluble. 
In oils than the all trans form. In fact, it is very difficult to get the 
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9 cis Isomer to crystallite out from naturally derived oils, thus making It 
difficult or expensive to purify on a large scale* 



Unities trans isomers, els isomers have a number of applications , including 
nee In water diaperslble food colourants and in tabletting powders , The 
S els isomers are also useful in a water dlspersible form as emulsion* for 
colouring and in beverages. They can also be used hi special vitamin 
supplements in concentrates for direct supplementation or as part of food. 



In naturally occurring products the proportion of ds Isomers is rather 
small , but one of the highest proportions occurs in the halophillc aljra 
10 DunaUeila salina where normally 50% to below 50% of the tots] carotenoid 
content oc curs as the 9 els form* 



The present invention is accordingly directed to compositions with a high 
els beta-carotene composition derived from natural sources. 

DESCRIPTION OP THE INVENTION 



15 Accordingly! in one form of this invention, a carotenoid composition 
derived from a natural source 1$ produced, wherein at least 501 by 
weight of the carotenoid content of the composition is cis beta-carotene 
and preferably 9 cis beta-carotene. Typically, the beta-carotene content 
is predominantly 9 cis bats -carotene. 



26 



In another form of the Invention, the preferred range of els 
beta-carotene Is between at least 50% and 80%, and more preferably 
between 60% and 70%. Another preferred range Is between 60% and 85%. 
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In yet another preferred form of the invention, the high els 
beta-carotene from natural sources Is derived (for example, by 
concentration and purification by physical means) from a product of lower 
concentrations of the da beta-carotene to a concentration of at least 70% 
5 ds beta-carotene- Preferably this may be achieved by the removal of the 
substantially all trans beta-carotene using physical processes. 

These high percentage cis isomer compositions have been found to 
exhibit high solubility and are readily available for ohystolosieaHy active 
purposes. This is thought to ba because of the following factor* In 
10 particular: 

(a) ds isomers occur In human body tissues in significant amounts and 
since the action of metabolism occurs In the tissues It la possible 
that the cis isomers have a physlologtcal function; 

(b) cis Isomers are typically lower in the bloodstream which Is higher in 
IS the all trans Isomer; this suggests the cis Isomers may be rapidly 

taken into the tissues; and 

(c) ds isomers appear to be easily absorbed from the intestine. 

For example, high percentage da isomers would be expected to have 
improved effect In use in medical applications, for example, in the healing 
2Q and prevention of cancer, cardiovascular disease and other Illnesses, 
since the cis Isomers, because of their solubility, are likely to 
preferentially accumulate In the tissues being removed from the 
bloodstream over the trans form. 
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The Unproved solubility is also likely to assist in the application of the 
high percentage cis Isomer iti the topical application of the composition 
and for ease In the preparation in food colour applications. The ds 
isomers may assist la the stability of emulsions or powders of 
5 beta-carotene for commercial purposes which is partly duo to their 
solubility characteristics. 

The structure of the 9 cis isomer of beta-carotene is as follows: 




This 9 cis Isomer of beta-carotene is preferably derived from particular 
10 natural sources of plant products including green peppers, apricots, 
flowers of certain species of the Acscln genus , cucurbltaceae and m the' 
alga, Dunalfella sallna. which has the highest concentration of the 9 cis 
laooier of such sources. In this regard, see Ami Ben-Amotz, Aranon 
Lers and Mordhay Aron: "Steroisomers of Beta-Carotene and Phytoene in 
25 the Alga Dimallella bardawll" Plant Physiol. (1988) 86 , 1286-1291 
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(Dunallella bordawil has subsequently been acknowledged by Ami 
Ben-Amotx as naturally occurring Dunallella aalina). 

■ 

The proportion of the total cis isomers (predominantly the 9 cis Isomer) 
content in the total carotenold content of the alga Dunallalla saline is 
5 normally found at around 30% to below 50% of the total carotanold content 
on a weight basis as determined by the high pressure liquid 
chromatography (see method below commencing at page 14) and visible 
light spectrophotometry techniques* 

e 

Preferably, the Increase of the 9 cis Isomers in the composition is to 
10 about 70% of the total carotenold absorbanee and more preferably 60% of 
the total carotenold content. The remaining 20% typically would consist of 
all trans beta-carotene (for example 10%), other ds forms (for example 
5%) and other ceroteneids (for example 6%). 

a 

The finished product is preferably dispersed in a natural carrier oil frr-n 
15 animal, vegetable and mineral origins and particularly olive, corn, soya 
bean, essential oils, terpens based oils and fish derived oils. 

The provisions of small quantities of oil soluble anii-oxidants may be 
beneficial for certain applications of the product. Examples of these 
would be butylated hydroxy aniscle, butyiated hydroxytolueae , propyl 
20 gaUate, ethoxyquin and ascorbyl palraltate plus other natural antioxidant 
extracts, for example, derived from herbs and preferably natural 
tocopherols. 
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m 

The antl-oxldants may be used to assist to protect the high cts 
beta-carotene preparations £rooi oxidation, which is relatively mors 
Important when in a krvmr total beta-carotene concentration product , Itrr 
example, less than 5% of beta-carotene In the preparation. However, 
5 even at higher concentrations it Is Important to protect the beta- carotene 
preparations £rnm oxidising. 

A concentration of 0.01% to 1.0%, preferably 0.01% to 0.5%, of the pure 
active enti-oxidant Is typically used, depending on the actual antioxidant 
of choice and application , as this concentration range has been shown by 
Iq experience to be sufficient for normal protection of the ultimate 
composition over its shelf life. 

EXAMPLES OP METHODS TO P&ODTJCE THE HIGH CIS ISOMER 
COMPOSITION 

The product Is prepared by a series of physical unit operations 
15 Examples of methods used to produce high els isomer compositions, and 
more preferably to produce high 9 els Isomers are set out below as 
Example A and Example B. 

Example A demonstrate a a method using centrifugation (which relies on 
the principle of separation by density difference). The crystalline 
20 fraction containing the trans crystal Is separated from the cis isomer 
soluble oil fraction. 
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This typo of separation can either be done in a batch typo centrifuge, 
usually on a small scale or for laboratory use or in a continuous machine 
to process larger volumes on An Industrial scale* 

The density of the all trans isomer crystals is greater than the cis 
5 isomers (including the 9 ds isomer) when In solution in vegetable oils 
having a relative density of about 0.32 grams per cubic centimeter. 
When the temperature or melting point of the carrier vegetable oil permits 
the oil to be liquid and of a viscosity to allow the all trans crystals to 
settle when the centrifugal force is applied, centrifu gallon win separate 
10 the aU~trsiin Isomer from the Isomer. Being of the greater density, 
the all trans crystals can be separated by sedimentation and leave the 
machine in the heavy fraction and the cis isomers stay In the salable 
vegetable oil or light fraction* 

Centrifuges (for example, an Alfa Laval model number FUVTX207) which 
' 15 are capable of opening the bowl to remove a semi solid heavy sludge can 
concentrate the all trans crystals In this sludge thus increasing the yield 
of the high cis light fraction. The flow rate of material through the 

centrifuge has a large bearing on the result so this has to be optimized 

— . . . ■ • • 

for the machine concerned. 

< 

20 Example B relies on filtration using a basket type centrifuge and filter 
bag. however, it will be readily understood by a person skilled in the art 

that the filtering operation can be performed on a range of filter 

materials, including a filter press, drum filter, filter beds, filter 

cartridge systems and mors sophisticated membrane type filters. Any 
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filter system can be used that employs pads, paper, cartridge filters or a 
centrifugal filtration using a filter in a basket centrifuge. 

* 

The crystals of all trans beta- carotene are held by the filter material but 
the soluble all ds material can pass through the filter thus increasing the 
5 proportion of cU isomers in the filtrate, that is, the product passing 
through the filter material* 

Example A, 

Ten grams of 41 natural b*U-c*rotene In soya hean oil (commercially 
available from Betatene Limited and sold under the brand name "BaUtene 
10 Limited <\ Natural Beta-Carotene in Soya Bean Oil 11 ) was placed in an 
18mm diameter glass centrifuge tube and centrifuged at 2000 revctailpas 
per minute for 15 minutes at 21*C in a Clements 2GO0 laboratory 
centrifuge. 

At the conclusion, the supernatant oil (the light fraction) was recovered 
15 by removal with a Pasteur pipette and assayed for cis and trans 
beta*carotene content. After draining the residual supernatant from the 
heavy fraction, the same analysis was performed on the pelleted heavy 
fraction • 

The percentages of the ois (Including the B ds) beta- carotene and aQ 
20 trans beta-carotene (determined using the the high pressure liquid 
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chromatography method commencing on page 14) were as follows: 



CIS total 

predacotanntty 9 els 



All TRAMS 



% of total earotenold by weight 



5 Original 4% 



42 



45 



Light traction 



$2 



24 



Heavy fraction 



19 



74 



with the crystals being collected in the heavy phase or the sludge 
fraction and the high da product as the light fraction. The residue 
10 includes other carote acids. 



The same procedure can be performed on a continuous production scale 
using an open bowl desiudging centrifuge such as an Alfa Laval modal 
number FUV PX 207. The flow rate of the feed to the centrifuge, the 
setting cf the akissnar to recover the high cis light fraction and the 
15 desiudging timing would need to be optimised for the machine or other 
similar machines. This will be well understood by persons skilled in the 

art. 



Bxamrplg B * 



A crystalline suspension of beta-carotene in soya besn oil containing 211 
20 total earotenold was filtered in retain crystals and to allow the soluble 
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fraction to pass through. The aU trans eryotols can be separated tram 
an oil based matrix, providing the oil la not too Viscous to restrict 
movement or the oil through the filter bed. The starting material 1st 
available from Bets tone Limited and is sold under the brand name 
5 'Betatene limited 20% Natural Beta-Carotene In Soya Bean Oil 1 . 

This operation can be achieved In a basket type centrifuge of a type like 
a Broadbent, Tolhurst for Burton with a 900 mm diameter bowl, or a 
similar machine. The bowl is made of perforated stainless steel plate and 
a fabric bag: Is placed Id the bowl with a weave having gaps between the 

10 fibres of approximately 20 to 25 microns In width* The 20% natural 
beta-carotene in soya bean oE is fed Into the bag and the high trans 
crystals are retained on tha bag letting the soluble high cis fraction pass 
through the bag and the perforations in the bowl. In the initial stages 
the filtrate may still contain the ■mailer crystals but this is overcome by 

25 recirculation through the centrifuge. Before long the crystal bed on the 
inner surface of the hag acts as the main filter which will remove the 
small crystals. The operation continues tin the flow of filtrates through 
the bag is too slow. The filtrate is collected as are the retained crystals 
at the end of the run and analysed for beta-carotene and cis- trans 

20 Isomeric profile* 

The percentages cf the cis beta-carotene and all trans beta-carotene 
(determined using the using the the high pressure liquid 
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chromatography math d commencing on page 14) vera as Eollows:- 

CIS TRANS 

predominantly 9 da 

% of total carotenoid by weight 



5 Initial 211 oil suspension 32 63 



Rltrate 82 14 



Filtered crystals 27 



The residua includes other carotenoids* 

Example A la an actual example of a method that has boon carried out on 
!q a laboratory scale, "pxampla B was carried out on a production scale. 

It would also be understood by persons skilled In the art that da isomers 
could be separated on a larger scala using preparative high pressure 
liquid chromatography. For example! DunaHelia salina algae which has a 9 
cis~ isomer content of below 50% could be treated by preparative high 

15 pressure liquid chromatography techniques to separate the isomers and 
obtain a very high purity product of the 9 cis isomer (for example, BQ\ 
or more of the 9 cis isomer). This feneration technique relics on the 
variable retention of different chemical materials to a solid phase vhon 
the materials In various mixtures of volatile organic solvents are pumped 

20 through tha solid phase, usually In the form of spheres in * column. 
By collecting fractions at the end oE the column the chemical materials 
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nay bo separated from each other. The volatile organic solvents are 
evaporated from the pure chemical to provide the solvent free product. 



EXAMPLE O? ISOMERIC ANALYSIS OF A CAROTENOID COMPOSITION 

using mesa eebsshre liquid chbomotography 



5 The following Is an example o£ a standard method for conducting an 
Isomeric analysis of a carotenoid composition using high pressure liquid 
chromatography to determine the p e rce ntage content of the els Isomers of 
beta-carotene and all trans beta-carotene. This was the method used In 
analysing the isomeric percentages In Example A and Example B above, 

10 In summary, a sample of a beta-carotene containing composition In oil is 
dissolved in cyclohexane and diluted to a suitable concentration. Before 
injecting the resultant solution into the high pressure liquid 
chroma to graph , the sample should be diluted with a mobile phaso. The 
concentration of beta-carotene is determined by obtaining an absorbance 

15 at a specific wavelength using a known extinction coefficient. The cis and 
trans contents are determined by separating the isomers by high 
pressure liquid chromatography. The percentages o£ cis Isomer* and 
trans isomers are then determined as a percentage of the total carotenoid 
content. 

* 

20 (0 Reagents and Equipment 



The following is a list of the reagents and equipment that can be used in 
the analysis. 
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Spectrophotometer with 10mm glass ceils 

Analytical balance 

Cyclohecxane AR grade 

100 ml volumetric flasks 

50 ml volumetric flasks 

2.0 fid bulb pipettes 

Chloroform AR grade 



High pressure liquid chromatograph incorporating: 
. Isocratlo pump 
10 Injector able to handle up to S0\i\ 

UV/Via detector set at 4S3nm 
Vydac Z01TP54 reverse phase column 250mm 



Acetonltrile HFLC grade 
Methanol HFLC grade 
15 10ml volumetric flask 



(11) Preparation of the mobile phase 



Prior to the analysis being conducted, a mobile phase should be 
prepared by weighing 4Q0g of acatcnltrile into a 1000ml storage bottle, 
adding 3C0g methanol and mixing well. The resultant mixture should be 
20 adjusted to room temperature before being ^sad in the analysis. 



(ill) 



The method used in the actual analysis Is set out below. 
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A sample of beta-carotene in oQ U weighed accurately (to within O.Olg) 

to the equivalent to BQmg of beta-carotene into a 100ml volumetric flask. 

» 

Approximately 5ml of chloroform is added and mixed well until the staple 
has dissolved. To ensure that the sample ha* completely dissolved it 
5 should be viewed against a light source. If the sample is not completely 
dissolved, it should be allowed to stand for approximately 5 minutes. It is 
also possible to add a further 5ml of chloroform end to warm the mixture 
under, for example f hot tap water* 

The volume of the mixture is than diluted with cyclohexane and mixed 
10 well. This is solution A. 2m) of solution A is then pipetted into a 50ml 
volumetric flask and diluted to volume with cyclohexane and mixed well. 
This is solution B. 3ml of solution B Is then pipetted into a 50ml 
volumetric Bask and diluted to volume with cyclohexane and mbced well* 
This is solution C. The absorbance of solution C is then measured at 
15 455nm against a cyclohexane blank (this gives the total beta-carotene 

■ 

content and not the isomeric ratio). 1ml oE solution B is then pipetted 
into a 10ml volumetric flask, diluted to volume with the carrier solvent 
and mixed well* This is solution D* 

ww * » mm mw 4 »m m 

(Iv) Standards 

2Q For comparative purposes, a standard is then prepared. The standard is 
prepared to provide a reference material of known concentration in tha 
S9sny and to determine reference retention time ("JUT*") for the all trans 
Isomer. The standard is made up according to the same procedure 
used to make up the sample. Weigh the reference standard material 

25 (Sigma ail tranu beta-carotene from Sigma Corp era to in St Louis USA) to 
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the equivalent of 80mg of beta- carotene , then proceed as for tho sample. 
The concentration of the standard Is determined in the same way as the 
sample. 

(v) Detormtxiatkm 
S The standard and the sample as prepared above are ready for injection* 

The flow rate of the high pressure liquid ehromatogreph should bo sat 
to l.Onil/minuta. 20 oJ of the standard Is Injected into the high pressure 
liquid ohroamtogreph and allowed to run for 25 minutes. The Injection 
concentration and volume are recorded. lOftl of solution D is then injected 

10 into the high pressure liquid chroma to graph and allowed to run for 25 

* 

minutes. The injection concentration and volume are recorded. 
An example of a typical chramatogram is reproduced on page 18. 

« 

(VI) Calculation 



I - Calculation for Determination of Beta-carotene Concentration 
15 The bracketed figures are typical figures. 

Absorbanco of solution C at 455ntn Abs (-0.4) 

Weight of sample m <-0.5g) 

-1V1 

Extinction coefficient El 2500 cm 

Injected concentration (mgf/1) I (-4) 

20 1 ■ Abs x 25 X 10,000 / (2,500 x 10) = Abs x 10 
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II - Calculation for Determinatloq of Cls and Trans Fercenl 



Peak area of all- trans beta- carotene T 



Peek area of unknown cLa isomer 1 CI 



of unknown cia isomer 2 



C2 



Peak area of 9-cls isomer 



C3 



10 



Peak area of 15-eis isomer 



C4 



(17%) R.T.- 13. S 
minutes 

B..T-- 14 minutes 
(not seen In above 



(9.8%) R.T.- 14.7 
minutes 

(43%) R.T.- 15.S 
minutes 

(8%) R.T.- 16.68 
minutes 



The retention times used to the above table are the retention times that 
were seen in in the above chromatogram. In the above chromatagram a 
15 peak was not seen for unknown cls Isomer 1 ("the CI peak*). 
Typically, this isomer will be seen after a retention time of about 14 
minute*. The percentages given in the above table aw* approximate. 



The individual peak areas are determined as a percentage by dividing 
the individual peak areas by the total peak area and multiplying the 
20 result by 100 to give the percentage of total carotanoid. These 
percentages appear under the heading "Cone* in the table that appoart 
below the example chromatograin on page 18. 



Alternatively, the following formula can also ba used In calculating the ds 
isomers percentage of the total caxotenold content. The formula presumes 
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that a CI peak is seen in the chrotnatDgram : 

« 

Cta % = (C1*C2+C3+C4 / (Total peak areas)) x 100* 

CIS Isomers are not always fully resolved but thia do., not effect 
total da laomer absorbance- In thia regard, the CI peak la not always 
5 fully resolved or separated from the other cis isomers. In this ease, the 
CI peak can be neglected from the calculation. 

The all trans Isomer percentage of the carotenold content can also be 
determined by tha following formula: 

Trans \ - (T / (Total peak areas)) x 100% 

10 When conducting this type of analysis It Is recommended that low actinic 
glesswster is used as beta-carotene Is degraded slowly In light. The 
' analysis should also be performed !n duplicate because the retention times 
are very dependant on temperature, the column and solvents should be 
maintained at 20*C. 

m 

15 Accordingly, the - Invention provides a novel carotenold composttlen 
derived from a natural source, of high els beta-carotene content. 
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I. A carotid composition derived from • natural .dure., wherein at 
lout 50% by weight of the cwotenold content of the cerapodtten la 



5 2. 



3. 



10 4. 



S. 



6. 

15 



7. 



A carcinoid composition according to ctdm 1, wherein the ds 
beta-carotene ^tent of the composition ia between at least 50% 

and 80%. 

A carotenrfd composition according to claim 1. wherein the cis 
bete-carotene content of the composition is between 60% and 70%. 

A carotendd composition according to claim 1, wherein the ds 
beta-carotene content of the composition is between S0% and 85%. 

A earoteaold composition .carding to eny one of claims 1 to 4, 
wherein the composition Is predominantly 9 d. beta-carotene . 

A cerotenold composition according to any on. of claims 1 to 5 

... nhout 70% 9 ds beta-cerotene . 

wherein the composition comprise" *mniL 



A carotenold composition according to claim 5 or claim 6 wherein 
the source of the 9 ds beta-carotene is selected from plant 
products including apricots, flowers of certain spsdes of the 
Acacia genus, cucurbltaceae and Dunalidte saline and mixtures 
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22. 

A carotanoid com po sition according to any one of claims 5 to 7, 
wherein tha boutco of the 9 els beta-carotene is DunaliaUa salina. 

A carotenoid composition according to any ona of claims 1 to fl f 
wherein tha composition la dispersed in a natural carrier oil 
selected from animal,, vegetable and/ or mineral origins. 

A carotanoid composition according to claim 9, wherein tha oil 
carrier la selected front olive, corn, soya bean, essential oils, 
tarpene based oils, fish derived oils and mixtures thereof. 

A carotanoid notnpooiUtm according; to any one of claims 1 to 10, 
"wherein the composition further comprises small quantities of oil 
soluble antioxidants in the range of 0.01% to 1*0% by weight of 
pure antt-oxidant* 

A caret end d composition according to any one of claims 1 to 10, 
wherein tha composition further comprises small quantities of oil 
soluble an th- oxidants In the range of 0.01% to 0.5% by weight of 
pure antioxidant, 

- • .... . 

A carotenoid composition according to claim 11 or claim 12, wherein 
the antl-oxidant Is selected from butylated hydroxy anisole, 
butyiated hydroxytoluene , propyl gallate, athnxyquin and 
aseorby) palmitate plus other internal antioxidant extracts which 
may be derived from herbs and preferably natural tocopherols, 
and mixtures thereof. 
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14. A method for producing a carotonoid composition Recording to any 
one of claims 1 to 13. 
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